Local scale climate mapping is an essential tool for risk assessment in sustainable land use. The Southland Region, located i n the south o f N e w Z e a l a n d , h a s a v e r a g e temperatures that are marginal for the growth of many crops. Detailed climate information is therefore especially relevant in this area. This paper describes a major community initiative underway in Southland involving mapping of climate and soils at the local scale. The Topoclimate South Project has set out to gather this information, and is extending previous studies by applying new technologies to make a regional scale survey possible. A network of 900 "Tinytag" a i r temperature loggers has been established in the first year of this three year project, with a total of 800 000 ha to be mapped over the three year period. Dataloggers in screens are suspended at a height of 1.2 metres in a wire mesh cage for protection from stock. They are set to record air temperature at six minute intervals for t h e w h o l e y e a r, w i t h d a t a b e i n g downloaded every four months. A i r and soil temperature recording sites were selected to represent the major topographic and climatic elements of the landscape. Sites were spatially distributed to represent an average thermal area o f 170 ha. Soils information is being mapped concurrently and to the same scale.
INTRODUCTION 15
Maximising land use potential at a regional level requires quality spatial information. This information provides the basis for better land use decisions, resulting in a more sustainable future. Detailed information on our land resource i s l i m i t e d i n N e w Zealand. A Department o f Scientific a n d I n d u s t r i a l Research discussion paper in 1980 stated that "Present classifications of our land resources are o f l i m i t e d v a l u e f o r p l a n n i n g o r management p u r p o s e s . A n i m p r o v e d classification should recognise the importance of quantifiable o r predictable factors (eg. Climate) which also determine the productive potential of land" (DSIR 1980) .
Since that time several studies have focused on understanding climate at the local scale in New Zealand (Turner & Fitzharris 1986 , Cossens and Johnstone (1987 , 1988a , 1988b , 1988c , 1989 , Cossens, Kidd, & Johnstone (1988) , Kidd (1986) ), but none have conducted the regional scale investigations necessary for rural land use applications. Local scale (0.1 -10km) climate mapping is an essential tool for risk assessment f o r intensified f a r m i n g practices. This is especially important when considering land use change from pastoral uses to high value crops. Many horticultural crops are established on smaller areas of land, and should be positioned to maximise the use of local scale climates, such as those found on northerly aspects, or near significant shelter.
Topography can modify climate at the local scale to an extent that significantly affects crop growth and production. Previous studies of local climates in New Zealand have found that sites w i t h a n o r t h e r l y aspect received significantly more heat than those w i t h a southerly aspect, and those w i t h shelter received more than those without (Cossens & Johnstone, 1987 of high quality soils and micro-climates which are growing a wide range of crops, pastures, and trees. Quality information on the region's climate a n d soils should lead t o better utilisation of present land resources and the introduction of new crops, leading to increased employment in the region.
Growing Degree days (GDDs) are used as the m e a s u r e o f a n n u a l a c c u m u l a t e d temperature or heat units above a reference temperature over time (Coulter 1974) . This information becomes especially relevant in southern areas o f New Zealand as GDDs decline towards the minimum requirements for crops and grasses. Sturman and Tapper (1996) state that as long as light intensity, light duration, and water availability are adequate, crop growth is predominantly affected by temperature. The GDDs calculated for many of the weather stations in Southland are less than a third of the accumulated heat units available i n the Northland region of New Zealand (see figure 1 ). Soil temperatures are also considered important i n crop growth (Barringer 1997) , and are being measured to further enhance the final information base in this study. Calculating GDDs on a spatial basis follows work by Turner and Fitzharris (1986) , and has since been employed by Cossens and Johnstone (1987 , 1988a , 1988b , 1988c , 1989 , Cossens, Kidd, & Johnstone (1988) , and Kidd (1986) , i n the Waitaki Valley and Central Otago Region of New Zealand. These surveys were conducted at a local scale using manual methods, and had positive outcomes for the communities involved. N e w stone f r u i t growing areas were identified in Central Otago and v i a b l e n e w w i n e p r o d u c i n g areas developed near Queenstown and Cromwell. This paper describes the methodology used in mapping local scale climates over the Southland Region as part of a community funded initiative. The Topoclimate South Project has been established by local focus group "Crops for Southland", and has extended the above mentioned work by applying a new technology to make a regional scale survey possible. The information produced is expected to increase local understanding of the land resource, and assist landowners in lessening the risks associated with any changes to their farming systems.
Another considerable part of the project is the mapping of soils concurrently and to the same spatial scale. The soils of a number of areas o f Southland have been mapped previously, initially by the New Zealand Soil Bureau of the Department of Scientific and Industrial Research (DSIR), and latterly by Landcare Research (McIntosh 1989 , 1992a , 1992b , 1993 , McIntosh et al 1997 , McIntosh and Savage 1993 . However the 4 miles: 1 inch DSIR maps produced in 1968 give insufficient detail f o r individual property or district planning, and lack extensive chemical and physical information on different soil types. The challenge for Topoclimate South is to provide useful integrated l a n d resource information based on both soil and climate data.
Topoclimate South recognises t h a t easy access to information from this study is needed by the end user if the information is to be put to use and changes in land use are to result. To honour this commitment, a three-tier system for information delivery has been implemented. Every farmer who agrees to grant access to their property will receive a soil a n d G D D m a p o f t h e i r area a t t h e conclusion o f the survey work. General information will also be available through a free Internet website. A project web site has already been established and may be viewed at: www.topoclimate-south.co.nz. A bureau service is also planned in conjunction with a commercial organisation so that land users will be able to obtain access to more detailed technical advice for interpretation of the data, as well as advice on crop and pasture options. This paper focuses on the climate side of the project.
DISTRIBUTION OF RECORDING SITES OVER THE LANDSCAPE
An area of 160 000 ha of land have been sampled in the first year of the project, with 690 000 ha to be covered in years 2 and 3 (see figure 2) . A i r and soil temperature recording sites have been selected to represent major topographic and climatic features o f the landscape, with spatial distribution of loggers averaging 170 ha.
The topography of northern Southland is dominated by the Hokonui hills, an imposing range of hills running SE-NW, which form the northern part of the Southland Syncline. To the north of this feature is the broad, fiat The area was initially divided into three main landscape units f l a t s , rolling hills, and steep hills This was extended from concepts formulated in the Land Resource Inventory Worksheets (Ministry of Works 1969), and follows the approach of Turner & Fitzharris (1986) . Each of these "units" was then sampled using different methods. Transects of logger sites were used to sample valleys (both longitudinally and across-valley), and paired comparisons and spot samples to sample other terrain features (see figure 3 ). Sites were located to sample around shelter belts, above and below river terraces, and across and out of valley mouths. A more evenly spaced grid of sites was established on flatter land.
METHODS OF DATA COLLECTION
A network of 900 "Tinytag" air temperature data l o g g e r s a n d 1 0 0 " T i n y t a g " s o i l temperature loggers were installed over the Southland landscape in mid 1998. Seven d i ff e r e n t types o f temperature loggers were initially tested over a three week period to determine the type of apparatus to be used in the study. "Tinytag" dataloggers were chosen, based on a combination of factors such as accuracy, reliability, storage capacity, and robustness. A special r u n o f Tinytag loggers have been constructed for the purposes of this study, and these have a recording range of -40 degrees C to +75 degrees C, and a resolution of 0.2 degrees C. The loggers have a 32k memory, with the ability to store 7900 temperature readings, and are waterproof. All loggers are factory calibrated and come with an evaluation certificate.
Three different types of housing of screens were evaluated for use with the loggers, and all were tested against a standard Stevenson screen for accuracy of temperature recording under varying environmental conditions. The tests s u b j e c t e d t h e s c r e e n s , w i t h thermocouples inside, to varying conditions of airflow and sunlight. The chosen "weather screen" i s a r o u n d w h i t e plastic screen measuring approximately 25cm x 25cm, with louvres to allow sufficient airflow over the logger inside (see figure 4) . I t compared well to the Stevenson screen in all tests.
Dataloggers in screens are suspended at a height o f 1.2m i n a w i r e mesh cage f o r protection from stock. They are set to record air temperature at six minute intervals for the whole year, and within this period the data must be downloaded every four months. Soil temperature loggers measure the temperature at 10cm and 50cm soil depths at each site, and record data every hour for the same period.
Field survey teams record site information directly onto laptop computers running the project's o w n s o f t w a r e . T h e s y s t e m incorporates a M a p i n f o G I S package, providing background maps of the survey area, and T r i m b l e P a t h f i n d e r G P S c a r d s (incorporating Aspen software) for accurate positioning o f each data point. A d i g i t a l photograph of the site is also recorded on the project's database.
A datalogger and screen has been placed on the site of all long term climate stations in the first year measurement area. Long t e r m climate stations must have a recent 30 year record (and includes some recently closed sites). These are Gore, Tapanui, Lumsden, Mid-Dome, and Te Anau. A comparison can then b e m a d e a g a i n s t t h e p r e c i s i o n thermometers i n the adjacent Stevenson screen, and the temperature record utilised in formulating differentially corrected 30 year normal records for each of the recording sites normal records for each of the recording sites (see "Methods of data analysis and mapping").
Topoclimate South is developing its own software to manage the flow o f the large quantities of data involved in a project of this scale. Approximately 1.5 GB of information will be collected in temperature data alone.
METHODS OF DATA ANALYSIS AND MAPPING
Linear r e g r e s s i o n a n a l y s i s a l l o w s comparison of air temperature at each of the recording sites with that at the nearest long term weather station (with at least 30 years of temperature records). Twelve long term climate stations will be used in this analysis Integrated Climate and Soil Mapping of the Southland area. This w i l l allow the generation of estimates of hourly or daily temperatures over a long period, and long term means for each recording site. This technique was i n i t i a l l y developed b y Tu r n e r a n d Fitzharris (1986) .
Average d a i l y t e m p e r a t u r e s w i l l b e extracted from the long term data for each site. Average g r o w i n g degree d a y s w i l l b e calculated for each site following the method given in Coulter (1974) :
Where GDD is the number of degree days accumulated over a base temperature, B. M is the mean temperature over a period of N days, and d' is the correction term arising from the upper and lower "tails" of the temperature distribution. Values of d' are given in Coulter (1974) . The magnitude of d' increases with scatter of temperature values about the mean. An overall 10°C base temperature has been chosen for this study initially, as in studies by Hurnard (1982) , Turner & Fitzharris (1986) , Kidd (1986 ), Cossens, K i d d & Johnstone (1988a , 1988b , 1988c , a n d Cossens & Johnstone (1987 , 1988a , 1988b , 1988c , 1989 . Edey (1977) identifies 10°C as the "average base temperature for crops such as apricots, corn, and beans", all of which have potential as commercial crops i n areas of Southland. However, lower base temperatures (eg 5.5°C for Peas and Asparagus) have been used by Edey for other crops. Growing degree days will be calculated for the whole year as well as for the months of November to April, to identify warm season GDDs. Warm season GDDs were calculated i n studies b y H u r n a r d (1982), Turner & Fitzharris (1986) Johnstone (1988) , a n d Cossens & Johnstone (1987 , 1988a , 1988b , 1988c , 1989 . W a r m season G D D s a r e particularly important when considering crop and grass growth.
A spatial interpolation technique (yet to be decided upon) w i l l be employed to derive figures o f growing degree days over the landscape, from those calculated at recording sites. 1:50 000 GDD maps for the survey area w i l l b e generated w i t h c l i m a t i c areas delineated by growng degree day contour lines.
SUMMARY
• T h e Topoclimate S o u t h P r o j e c t i s a community funded initiative established by local focus group "Crops for Southland". The aim of the project is to provide detailed resource information on the Southland region to enable better land use decisions to be made. • 9 0 0 air temperature loggers and 100 soil temperature loggers have been installed at approximately 170ha intervals around northern Southland in year one of the three year project • S o i l mapping is being undertaken at the same temporal and spatial scales as the climate measurements • L i n e a r regression analysis w i l l allow comparison of each of the recording sites with the nearest long term weather station records. In this way a 30 year record can be generated for each recording site.
• Av e r a g e growing degree days w i l l be calculated f o r each site, a n d s p a t i a l 21 interpolation techniques will be employed to derive a growing degree day map of the area.
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